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© Apertured film and net like fabrics from thermoplastic materials. 

© A method of making apertured films includes the 
step of perforating films of thermoplastic materials 
with embossing rolls engraved with patterns which 
form small slits or incipient slits in the sheet. The 
patterns are such that the design on the roll includes 
lands, or raised areas, which cross lands of the 
opposing roll at an acute angle. The perforated or 
partially perforated film formed may then be further 
processed by orientation, uniaxial or biaxial, simulta- 
neous or sequential; by heat treatment; or both to 
modify the porosity, hole size, or other properties as 
CM desired. 
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APERTURED FILM AND NET LIKE FABRICS FROM THERMOPLASTIC MATERIALS 



FIELD OF THE INVENTION 



This invention relates to a process of preparing 
an apertured film and to the film so prepared. More 
particularly, this invention relates to a process of 
embossing an extruded film on one side with a 
pattern of parallel grooves, and on the other side 
with a pattern of parallel grooves which form an 
acute angle with they grooves embossed on the 
first side, which forms slits or incipient slits in the 
film where the grooves cross each other. 

The size and shape of these slits may then be 
modified by uniaxial orientation, sequential or si- 
multaneous biaxial orientation, or heat treatment 
The surface of the apertured film may be modified 
by embossing micro or macro patterns thereon to 
improve the visual aesthetics of the film and make 
it appear fabric like. 



BACKGROUND OF THE INVENTION 



It is well known to prepare network structures 
from embossed thermoplastic film and then se- 
quentially stretching, biaxially or uniaxially. For ex- 
emple, U.S. Patent 3,914 365 to Kim and Liu teach- 
es a process of forming numerous parallel main 
ribs in one direction on one side of a sheet and a 
greater number of parallel tie ribs in a second 
direction on the other side of a sheet, the ribs 
forming a pattern of thick and thin areas in the 
sheet, then subsequently orienting the patterned 
film to open the sheet into the network structure. U. 
S. Patent 3,488.415 to Patchell. et al. teaches a 
process for making a fabric from plastic material by 
providing both sides of a continuous sheet of plas- 
tic material with grooves which extend partly 
through the sheet, the grooves on one surface 
being arranged to cross the grooves on the other 
surface, the crossing points having only the re- 
duced thickness of material which separates the 
bases of the grooves. The sheet is then biaxially 
stretched so that the thinned parts of the sheet split 
and form perforations at the slits. 

Numerous other U.S. Patents 4,075.379, 
3,922,827, 4,207.375, 4,186,781 and 4.274,251 dis- 
close improvements and/or modifications to the ba- 
sic practice. The preferred orientation of lines or 
grooves is at 90* to each other. In ail cases, 
however, the embossed, patterned film is not po- 
rous until it is oriented. Furthermore, although not 
specifically stated in many of the patents, this 



process has been limited to high density polyethyl- 
ene, polypropylene homopolymer. polypropylene 
copolymers, and polymer blends where aforemen- 
tioned polymers are the major component. When 
5 these processes are implemented with soft, non- 
crystalline polymers, such as low density polyethyl- 
ene apertures are not formed; a patterned closed 
film is produced. 

ro 

SUMMARY OF THE INVENTION 



It has unexpectedly and surprisingly been dis- 

15 covered that by following certain parameters an 
apertured film can be created by properly emboss- 
ing a thermoplastic film. Moreover the thermoplas- 
tic film is no longer limited to aforementioned cry- 
stalline polymers, but may be comprised of low 

20 density or very low density polyethylenes. linear 
low density polyethylenes, polypropylene homo- 
polymers, copolymers and terpolymers, poly 
butene, thermoplastic rubbers, ethylene 
copolymers such as EVA, Surlyn R , EMA or EEA, 

25 polyurethanes, and polyether block amides among 
others or blends of the same. Films may be pig- 
mented or not. and may contain fillers and ad- 
ditives commonly used in the industry such as 
Ti02, CaC03. slip, and antiblock additives, etc. 

30 These new apertured films are capable of hav- 
ing a much broader range of finished product phys- 
ical properties such as melting point, softness, ten- 
sile elongation, etc. that enhance their unsefulness. 
Accordingly this invention relates to the process of 

35 preparing an apertured film comprising the steps of 
a. extruding a thermoplastic polymer into a 
film or sheet of between 0.5 and 20 mils thickness; 
and b. providing the thus extruded molten film of 
polymer, on one surface, with from about 10 to 

40 150, most preferably from about 30 to 80 grooves 
per inch and on the other surface, with from about 
10 to 150, most preferably 30 to 80, grooves per 
inch; the set of grooves on the first surface cross- 
ing the set of grooves on the second surface at an 

45 acute angle of between 15* and 75* . most prefer- 
ably at 45*. by passing the molten extruded film 
into the nip formed by two embossing rolls, having 
engraved lines, at a pressure of from about 10 to 
about 300 pounds per linear inch, the lines being 

so parallel linear cavities being arranged with space 
between adjacent lines, the lines being oriented in 
any direction with the restriction that the lines on 
one roller must form an acute angle with the lines 
engraved on the other roller when said rollers are 
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brought into contact and rotated. 

The apertured film produced may be further 
processed as follows: 

a. the film may be uniaxlally orientied in 
either the machine or cross machine direction from 
about 50 to 500%; 

b. the film may be sequentially biaxialiy ori- 
ented 

1. first in the machine direction from about 
5 to about 50; 

2. then in the cross machine direction 
from about 5 to 600%; 

3. finally in the machine direction from 
about 0 to 600%; 

c. the film may be heat treated while re- 
strained close to the meiting point of the thermo- 
plastic polymer comprising the film such that the 
stresses near the holes cause the film to shrink 
increasing the size of the hole; 

d. the net like structure may be heat treated 
as In c after an orientation step as described in a 
or b. 

Net like structures produced by these proce- 
dures may be further processed by 

a. imparting a micro-matte finish by using 
embossing rollers with micro-matte finishes; 

b. imparting a macro texture to the structure 
by heating it to a temperature below its melting 
point, but high enough to enable the structure to be 
deformed easily, and passing the structure into the 
nip formed by a heated texturizing roller and a 
cooled resilient roller at a pressure of from about 
60 to about 120 pounds per linear inch, said tex- 
turizing roller having from 20 to about 3.000 pins 
per square inch protruding from its surface, the 
pins being arranged in a pattern which approxi- 
mates a random pin placement; obviously other 
macro texturizing patterns may be used to change 
the surface appearance of the fabric; or c. impart- 
ing a micro matte and macro texture simultaneous- 
ly. 

THE DRAWINGS 



Rg. 1A is. a diagrammatic side elevation 
view of an arrangement for forming the grooves 
and slits in the thermoplastic sheet in accordance 
with this invention; 

Fig. 1B is a front elevation view of Rg. 1A; 

Rg. 2A is an enlarged plan view of a typicai 
engraving pattern for embossing one side of the 
thermoplastic film from the arrangement of Rgs. 
1A-1B; 

Rg. 2B is an enlarged diagrammatic per- 
spective section view of the engraving in Rg. 2A 
taken along the line 2B-2B; 



Rg. 3A is an enlarged plan view of a typical 
engraving pattern for embossing the other side of 
the thermoplastic film from the arrangement of Rgs 
1A-1B; 

5 Rg. 3B is an enlarged diagrammatic per- 

spective section view of the engraving in Rg. 3A 
taken along the line 3B-3B; 

Rg. 4 is an microphotograph of a top plan 
view of the apertured film with slits produced by 
70 the embossing rolls in Rgs. 1A and 1B; 

Rg. 5 is a microphotograph of an apertured 
film after it has been uniaxially oriented; 

Rg. 6 is a microphotograph of the apertured 
film of Rg. 4 after it has been biaxialiy oriented, to 
/5 form a net like structure; 

Rg. 7 os a microphotograph of the apertured 
film of Rgs. 4 after it has been heat treated; 

Rg. 8A and 8B are microphotographs of net 
like structures before and after micro texturizing, 
20 respectively; and 

Rgs.9A and 9B are photographs of a net like 
structure before and after macro texturizing, re- 
spectively. 

26 

DETAILED DESCRIPTION 



Rgs. 1A and 1B show a simplified diagram- 

30 matic elevation of the method of embossing the 
film. The molten polymer Is extruded from a com- 
mercial film die 10 into the nip formed by two 
embossing rollers 12 and 14 engraved with pat- 
terns 1 and 2 as described in Rgs. 2 and 3 or 

35 other more complex patterns. During the emboss- 
ing operations the lands of the roll's engraved 
patterns cross each other at an acute angle and 
cause a slit to be formed in the film. This slit will 
be somewhat ragged and may have strands of 

40 polymer crossing said slits but the film will exhibit 
porosity as measured by a Frazier or Guriey Air 
Permeability Machine. 

Rg. 2A is an enlarged plan view of a typical, 
most simple engraving pattern useful In the pro- 

45 cess of the invention. The engraving pattern 1, in 
this instance, is a multiplicity of straight parallel 
lines, 75 per inch running in the machine direction, 
i.e. annularly on the engraved roller, perpendicular 
to roll axis 1 1 . 

so Rg. 2B is an enlarged section view of the 
engraving of Rg. 2A. The lines are an alternating 
series of linear ridges and valleys annularly en- 
graved on the roller 12. The tops of the ridges, 
called lands, form the bottoms of the grooves in 

55 the thermoplastic film. The valleys form ribs in the 
thermoplastic film. For the purposes of this inven- 
tion, the configuration of the land is the most im- 
portant feature of the pattern. In this particular 
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illustration the land width is 5 mils and the valley is 
8 mils wide. The valley is approximately 6.7 mils 
deep. The absolute value of these dimensions, or 
ratios of these di mensions are not critical param- 
eters to this invention. However, the consistency of 
the shapes and dimensions is critical since they 
change the configuration of the apertures as they 
change, thus changing the properties of the prod- 
uct. 

Fig. 3A is an enlarged plan view of a typical 
most simple engraving pattern 2 useful in the pro- 
cess of this invention in conjunction with the en- 
graving pattern described in Fig. 2A and B. This 
engraving pattern is a multiplicity of straight parallel 
lines. 74 per inch running at an angle of 45* to the 
machine direction. 

Fig. 3B ist an enlarged section view of the 
engraving pattern of Fig. 3A. The lines are an 
alternating series of ridges and valleys engraved at 
a 45* angle to true axial line 13 on the roller 14. 
The land width on this roll is very narrow, less than 
1 mil, with very wide valleys, about 12 mils. Again 
the absolute value of these dimensions is not criti- 
cal in making the process work, but is very critical 
to the properties of the product made. 

The dimensions indicated in Figs. 2B and 3B 
are merely illustrative of one practice of the inven- 
tion. 

Fig. 4 is a photomicrograph of a very low 
density polyethylene film cast and embossed by 
the process of this invention. The film shows an air 
permeability of 9 f 2 ft 3 /min per ft 2 of surface area. 
The ribs formed in the film are very evident as is 
the slit formed by the land crossovers. 

Fig. 5 ist a microphotograph of a similar very 
low density polyethylene film as shown in Fig. 4 
after it has been oriented in the machine direction 
about 100%. The net like structure exhibits an air 
porosity of 220 ft 3 /min per square foot of surface 
area. As can bee seen the slits have become 
elongated and much larger than in Rg. 4. At the 
same time, the ribs have become much less pro- 
nounced. 

Rg. 6 is a microphotograph of a similar very 
low density polyethylene film to that shown in Rg. 
4 after it has been sequentially biaxially oriented. 
The net like structure exhibits an air permeability of 
approximately 800 ftVmin per square foot of fabric. 
The holes are oval shaped, exhibiting an increase 
in length of the minor semi-axis over the holes 
shwon in Rg. 5. 

Rg. 7 ist a microphotograph of an apertured 
film of a blend containung a major component of 
very low density polyethylene and a minor compo- 
nent of high density polyethylene similar to the 
shown in Rg. 4. After casting and embossing the 
film was subjected to air heated to 1 17" C while the 
film was restrained from shrinking in both the ma- 



chine and cross machine directions. As is evident 
from the photograph, although the overall dimen- 
sions of the film were prevented from shrinking, the 
film immediately surrounding the slits shrank caus- 
5 ing the slits to from oval shaped holes similar to 
those shown in Rg. 6. 

Rgs. 8A and 8B are microphotographs of a 
polypropylene copolymer biaxially oriented net like 
structure, before and after a micro texturizing op- 
to eration has taken place. This micro texturizing con- 
sist of running the net like structure against a roil, 
plate, die or mold which has a pattern, the pattern 
being so fine that it is not readily apparent to the 
naked eye, however being sufficient to be apparent 
/5 under magnification of 10 to 25X The purpose of 
the micro texture is to roughen the surface of the 
structure and hence reduce the reflectivity of light; 
making the structure appear to be more fabric like 
and less plastic. 
20 Rg. 8A shows the net like structure before 
micro texturizing. 

Fig. 8B shows the same net like structure after 
micro texturizing 

Figs 9A and 9B show photographs of a poly- 
25 propylene copolymer net like structure manufac- 
tured according to the processes of this invention 
before and after macro texturizing. The macro tex- 
turization serves to visually break up the regular 
pattern of holes by situating them in various planes 
30 in space. The texturizing decreases the reflectivity 
of the net and makes the film appear more fabric 
like and less like a plastic film. . 

Rg. 9A shows the net like strucutre before 
texturiizing. 

35 Fig. 9B shows the same structure after tex- 
turizing. 

As indicated above, certain specific parameters 
must be followed in order to obtain the novel 
apertured film and net like fabrics of the invention. 

40 The most important parameter is the design of 
the engraving patterns used on the polymer film 
embossing rolls. The critical element of this design 
is the shearing action caused by the edge of the 
land of one of the patterns as it crosses the land of 

45 the other pattern at an acute angle. The extruded 
film, while still molten is passed into the nip formed 
by two opposing rollers. The rollers are tempera- 
ture controlled at temperatures below the melting 
point of the thermoplastic polymer being cast. The 

so rollers will generally have a metal surface and exert 
a pressure of from 10 to 300 lbs. per linear inch of 
roll surface in contact with the film. The upper limit 
of pressures being more a function of the durability 
of the rolls rather than a requirement of the pro- 

55 cess. The lower embossing limit is a function of the 
properties of the polymer and engraving in use. 
The design of the pattern on these rolls can be 
varied, most commonly being a series of lines as 
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described in Figures 1 and 2, although any com- 
bination of lines and or geometric shapes can be 
used if the edges of the raised areas, cailed lands 
cross the lands engraved on the opposing roller at 
an acute angle, of abou.t 15* to 75*. most prefer- 
ably of between 30* and 60*. Additionally, the 
ratio of the count of the lands between the patterns 
engraved on the two rollers needs to be between 
0.25 and 1.0. Although the lines shown herein have 
been straight this is not a requirement of the pro- 
cess. Additionally geomatric shapes, such as the 
rhomboid commonly known as a diamond, or oth- 
ers are useful in the process of this Invention. 

The invention is applicable to a wide range of 
thermoplastic polymers. In particular films have 
been cast and embossed from high density poly- 
ethylene, low density polyethylene, linear low den- 
sity polyethylene, very low density polyethylene, 
polypropylene homopolymer, polypropylene ethyl- 
ene copolymers, polypropylene ethylene butene 
terpolymers, polybutene, polyurethane, thermoplas- 
tic rubbers such as Santoprene ® and Kraton*, 
ethylene copolymers such as EVA, Surlyn®, EMA 
or EEA, and polyether block amides such as 
Pebax®. Blends of the above polymers with each 
other and other polymers, such as polystyrene, 
perform as described In this invention. Common 
pigments and additives can be incorporated into 
the film as desired. In particular, T1O2 and CaCOa 
have been incorporated into the film at levels as 
high as 15% to act as opacifiers and colorants. 
Slip, antiblock, antistatic, chill roll reiease. and sur- 
factant additives commonly used in the manufac- 
ture of thermoplastic polymer films have also been 
incorporated as desired. The polymers, polymer 
blends, pigments and additives may be blended in 
any conventional manner as will be obvious to one 
skiiled in the art. The polymer will be extruded 
through conventional, commercially available ex- 
trusion equipment, through a standard film or sheet 
die into a molten polymer film of between 0.5 and 
20 mils thickness. The molten polymer film shall 
then be fed into the nip of two embossing rollers as 
described previously. 

In certain instances, it may be advantageous to 
coextrude two or more polymers into discrete lay- 
ers within the molten film to feed into the nip thus 
obtaining apertured films with different properties 
from surface to surface. 

The apertured film obtained from the nip will 
exhibit porosity, depending upon the size of the 
slits imparted, but usually less than 10 fWmin/ft 2 . 
When rollers are worn or poorly matched, up to 
75% of the area of the film may be produced with 
partial or sometimes even total obstructions of the 
slits, however the obstructions are so thin they can 
be broken easily by stressing the film. 

The apertured film may be further processed 



according to established processes known to those 
in the art. Specifically the film may be oriented 
biaxiaily or uniaxially on conventional, commercially 
available stretching equipment. 

5 Alternatively, the film may 2 be heat treated by 
restraining the film so that its physical dimensions, 
lenght and width, are held constant or slightly, less 
than 20%, increased or diminished, while subject- 
ing the film to a temperature approaching its meit- 

10 ing point. The heat treatment causes that area of 
the film Immediately adjacent to the slits, or Incip- 
ient slits, to shrink back, thus enlarging the hole. 
The heat treatment may be accomplished on com- 
mercially available equipment such as a heat set- 

15 ting tenter or other equipment which may be con- 
venient. 

The film may also be processed be any com- 
bination of methods as described above. 

The films, either as cast or after further pro- 

20 cessing as described above, may be modified even 
further by micro or macro texturizing. 

Micro texturizing refers to a process of impart- 
ing irregularities, which could be depressions, 
bumps, lines, etc., which are invisible to the naked 

25 eye but which change the reflectance of incident 
light from the surface of the film or structure. The 
irregularities are readily apparent at magnifications 
over 25X. Micro texturizing As most readily accom- 
plished by heating the film or structure to a tem- 

30 perature sufficient to render the base thermoplastic 
of the film or structures readily diformable,. then 
compressing the heated thermoplastic film or struc- 
ture with a micro patterned tool. Most commonly 
such tool would be a steel roller which would form 

35 a nip with another roller, which could be metallic 
and hard, or provide a resilient surface such as a 
rubber or rubber-like material. 

Macro texturizing refers to a process of creat- 
ing surface changes which are readily apparent to 

40 the naked eye. Most commonly the surface is 
deformed by a series of pins as described in U.S. 
patent 4,568,596 issued to co-applicant Johnson. 
The pins are most commonly engraved on a steel 
roller. The film or structure, is most commonly 

45 deformed by processing said film or structure 
through a nip formed by the pin engraved steel 
roller and a resilient roller. 

As should be obvious to one skilled in the art, 
the micro and macro texturizing may be accom- 

50 plished simultaneously by using a roller suitably 
engraved with both said micro and macro texture, 
in fact simultaneous texturing is preferable to se- 
quential since the last texturing operation tends to 
diminish the properties imparted previously. 

55 
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Example 1 

A very low density polyethylene resin. DGM 
9950 made by Union Carbide, was cast at approxi- 
mately 230* C extruder temperature. Resin con- 
tained 15% by weight of a white color concentrate 
made frm 50% LDPE and 50% T1O2. 

The film was approximately 4 mils thick. The 
film was nipped while still molten between rolls 
engraved as shown in Fig. 2 and Fig. S. The roll of 
Fig. 2 was temperature controlled at 80* F while 
the roll of Fig. 3 was control led at 100* F. The rolls 
were nipped at 125 pli. The apertured film pro- 
duced had an air permeability of 9 ft 3 /min/ft 2 . 

The thus apertured film was then stretched 
90% in the machine direction at 70* C. The net like 
structure produced had an air permeability of 220 
ftVmin/ft 2 . 



Example 2 

A polypropylene terpolymer. Himont Moplen 
EP 3CSOF was blended with 15% of the same 
white color concentrate used in Example 1 (50% 
T1O2) and extruded into a film about 3 mil thick. 
The film was cast into the nip of rollers engraved 
with a 40 lines per inch pattern annular and 35 
lines per inch at 33* to axial, for an included angle 
of 67*. Film exhibited an air permeability of 0.12 
ft 3/ min/ft 2 . Rim was subsequently stretched 400% 
in the machine direction. Net like structure then 
had an air permeability of 492 ft 3 /mirvft 2 and an 
average thickness of 0.9 mils. 

The product of the invention cn be preferably 
used as (1) cover stock for sanitary napkins, (2) dry 
adhesive nets. (3) disposable cheese cloth. (4) sup- 
port for filtration media, and (5) pleated filter car- 
tridges. 



Claims 

1. A process for the preparation of an aper- 
tured thermoplastic film comprising the steps of 

(a) extruding a molten thermoplastic polymer 
film between 0.5 and 20 mils thick, and 

(b) providing the extruded molten polymer 
film with a multiplicity of small slits by passing the 
film through the nip of two rollers engraved with 
patterns containing edges of lands such that the 
edges cross each other such that the angle formed 
by the crossing edges is between 15* and 75* . 

2. The process of claim 1 wherein the edges of 
the lands cross each other at an angle between 
30* and 60* . specifically at an angle of 45* . 



3. The process of claim 1 or 2 including the 
step of (c) enlarging the holes of the apertured film 
to create a net like structure. 

4. The process of claim 3 where step (c) is 
5 uniaxially orienting the apertured film from 0 to 

500%. 

5. The process of claim 3 where step (c) is 
sequential biaxial orientation of the structure by 
stretching in the machine direction from 0% to 

10 600%; then stretching in the cross machine direc- 
tion from 0% to 600% and then stretching in the 
machine direction from 0% to 600%. 

6. The process of claim 3 where step (c) is 
simuftaneous biaxial orientation of the apertured 

is film from 0% to 600% in both directions. 

7. The process of claim 3 where step (c) is 
heat treating the apertured film by restraining the 
film in both the machine and cross directions such 
that dimensional changes of less than 20% are 

20 possible, and heating the apertured film sufficiently 
close to its melting point such that oval holes are 
formed in the structure. 

8. The process of claim 3 where step (c) is a 
combination of uniaxially orienting the film from 0% 

25 to 500% followed by heat treatment of the film by 
restraining the film in both the machine and cross 
directions such that dimensional changes of less 
than 20% are possible, and heating the film suffi- 
ciently close to its melting point such that oval 

30 holes are formed. 

9. The process of claim 3 where step (c) is a 
combination of sequentially biaxially orienting the 
film - followed by heat treatment of the film. 

10. The process of claim 3 where step (c) is a 
35 combination of simultaneous biaxial orientation fol- 
lowed by heat treatment. 

11. The process of anyone of the preceding 
clams, particularly claim 3 including the step of 
micro texturizing the net like structure, or including 

40 the step of macro texturizing the net like structure. 

12. The process of claims 1 or 3 or any pre- 
ceding claims wherein the apertured thermoplastic 
film is selected from the group consisting of high 
density polyethylene (HDPE), polymer blends in 

45 which high density polyethylene is the major com- 
ponent, high density polyethylene and HDPE 
blends containing pigments, fillers, or additives. 

13. The process of claim 1 or 4 or any preced- 
ing claim wherein the apertured thermoplastic film 

50 is selected from the group consisting of poly- 
propylene homopolymers. copolymers or ter- 
polymers or blends of polymers in which the major 
component is polypropylene homopolymer. 
copolymer, or terpolymer or the above mentioned 

55 polymers and polymer blends containing pigments, 
fillers or additives. 
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14. The process of claim 1 or 3 or any preced- 
ing claim wherein the apertured thermoplastic film 
is selected from the group consisting of low or 
medium density polyethylene, linear low density 
polyethylene, very low density polyethylene oder 5 
blends of polymers in which the major component 

is LDPE, MDPE. LLDPE or VLDPE or the above 
mentioned polymers and polymer blends contain- 
ing pigments, fillers or additives. 

1 5. The process of claim 1 or 4 or any preced- to 
ing claim wherein the apertured thermoplastic film 

is selected from the group consisting of ethylene 
copolymers including EVA, EEA, EMA, and Surtyn 
or polymer blends containing one or more ethylene 
copolymers as the major constituent or the above is 
mentioned polymers and polymer blends contain- 
ing pigments, fillers, or additives. 

16. An apertured film prepared by the process 
of claim 12 or 13 or 14. 

17. The process of claim 1 or 2 or any preced- 20 
ing claim wherein the apertured thermoplastic film 

is selected from the group consisting of polyure- 
thane, thermoplastic elastomer, polyether block 
amide, polybutene, polyester, and polyamide or 
polymer blends containing ohe or more of these 25 
polymers as the major constituent or the above 
mentioned polymers and polymer blends contain- 
ing pigments, fillers, or additives. 

18. A net like structure prepared by the pro- 
cess of claim 12, or 13 or 14 or 15. 30 

19. An apertured film prepared by process of 
claim 1 or 3 or any preceding claim wherein the 
extruded film is a coextruded multilayer structure. 
20. An apertured film prepared by the process of 
claim 1 or 3 or any preceding claim wherein the 35 
extruded film incorporates voids formed by the 
occlusion of gaseous materials. 



55 



EP 0 301 599 A2 




FIG. 2A 



4 



—is 



FIG. 1B 




FIG. 2B 




i. 



FIG. 3A 



FIG. 3B 




EP 0 301 599 A2 



\ 

„. ,-,Vaos6 i 





FIG. 4 



FIG. 5 





FIG. 6 



FIG. 7 




FIG. 9A 



FIG. 9B 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




FADED TEXT OR DRAWING 



